Introduction {#section5-1352458508096878}
============

Diagnostic criteria for multiple sclerosis (MS) have evolved over the past 50 years. Although successive versions have differed in emphasis, all have required dissemination of disease in space and time documented by either clinical, paraclinical, or laboratory criteria. Additionally, MS diagnostic criteria have emphasized that alternative explanation for the clinical presentation must be considered and excluded before a diagnosis of MS can be made \[[@bibr1-1352458508096878]--[@bibr4-1352458508096878]\].

The most recent McDonald Criteria formally integrate data from magnetic resonance imaging (MRI) and focus on early diagnosis of patients presenting with a clinically isolated syndrome (CIS) suggestive of MS (e.g., unilateral optic neuritis, internuclear ophthalmoplegia, partial myelopathy) \[[@bibr3-1352458508096878],[@bibr4-1352458508096878]\]. Because most such patients will develop a second event over months or years, these diagnostic criteria have been perceived as being prognostic for subsequent disease activity (whether a further relapse will occur), rather than diagnostic (an instrument to differentiate MS from other diseases).

Patients suspected of having MS may have neurological syndromes upon initial examination that are clinically monofocal (no dissemination in space, for which a single CNS lesion can explain signs and symptoms), multifocal (dissemination in space, for which symptoms and signs can only be explained by at least two lesions in separate parts of the CNS) and that have been, over time, monophasic (a single occurrence), multiphasic (relapsing), or progressive in nature. Similar presentations can occur in patients who have an infectious, neoplastic, congenital, metabolic or vascular disease, or non-MS idiopathic inflammatory demyelinating disease (IIDD). Other IIDDs have symptoms that can be similar to those seen in MS (for instance, neuromyelitis optica \[NMO\], opticospinal MS in Asian populations \[OSMS\], acute disseminated encephalomyelitis \[ADEM\]), but differ in course, pathophysiology, treatment, and prognosis (see [Figure 1](#fig1-1352458508096878){ref-type="fig"}). The ability to make an accurate diagnosis as early as possible is important for patient management, counseling, and optimal therapy.

![Steps in MS differential diagnosis.](10.1177_1352458508096878-fig1){#fig1-1352458508096878}

A conceptual framework for differential diagnosis of MS does not exist. The European MAGNIMS group defined MRI red flags in the setting of clinically suspected MS, which suggest that an alternative diagnosis to MS is likely \[[@bibr5-1352458508096878]\] but not in the context of other relevant clinical or laboratory examinations and findings. The current article describes an international consensus-based effort to guide the clinical, laboratory, and imaging assessment of patients with a possible diagnosis of MS, so as to help satisfy the requirement for "no better explanation" that is an integral component of all MS diagnostic criteria.

Methods {#section6-1352458508096878}
=======

International Task Force composition and mission {#section7-1352458508096878}
------------------------------------------------

In 2006, the International Advisory Committee on Clinical Trials in MS of the US National MS Society convened the Task Force on Differential Diagnosis in MS to develop a perspective that clinicians may use to address the principle of "no better explanation" for a suspected MS clinical presentation. The Task Force consisted of 18 international (United States, Canada, Europe, Japan) experts in the field of demyelinating disease with differing clinical and research expertise (neurology, ophthalmology, infectious disease, MRI).

The group\'s initial mission statement was: to provide a data-driven and consensus-based diagnostic approach for patients who present with symptoms and objective clinical evidence suggesting CNS white matter disease; to include guidance for appropriate clinical, radiological, and/or laboratory tests that should be done to exclude alternative diagnoses, especially those that are amenable to appropriate treatment; and to develop a practical tool for neurologists to facilitate accurate diagnosis and to guide management and which will complement the McDonald Diagnostic Criteria. The intent was not to present a comprehensive literature or conceptual review because the spectrum of differential diagnoses is enormous. We focused on patients who present with objective signs that are suggestive of CNS white matter disease and also considered apparently asymptomatic individuals or patients with other common clinically distinct neurological conditions (e.g., migraine) in whom lesions suggestive of white matter disease are showed through MRI.

Task Force work plan {#section8-1352458508096878}
--------------------

To address these questions the Task Force formed into three working groups focused on exclusion of potential alternatives to an MS diagnosis, on diagnosis of common initial isolated syndromes when MS is in question, and on differentiating between MS and non-MS IIDDs. Consensus within subgroups and in the Task Force as a whole was reached and recommendations developed through a series of conference calls and subgroup meetings over a year and a meeting of the full Task Force in February 2007. Although informed by published evidence identified by Task Force members when available, the effort did not include a formal literature survey. Opinion-based consensus among the convened experts was developed for diagnostic approaches and classifications for which evidence-based data were lacking.

Exclusion of diagnostic alternatives {#section9-1352458508096878}
------------------------------------

One subgroup focused on the exclusion of diagnostic alternatives to MS and generated a series of clinical and paraclinical "red flags" that are likely to point away from an MS diagnosis. The group reviewed selected literature relating to demographics, general clinical and neurological findings, paraclinical and laboratory findings (including various imaging techniques and laboratory tests including serum and cerebrospinal fluid \[CSF\] analyses and evoked potentials) of a spectrum of diseases that might be reasonably considered in the differential diagnoses for MS.

Recognizing that when confronted with a patient with suspected CNS white matter disease for diagnostic evaluation, the first step is to do a clinical exam and order imaging and other laboratory tests to help assess the condition, a table of 79 demographic, clinical, laboratory, and imaging features was prepared. The table was rated independently by the six subgroup members on a 1--5 scale to classify these characteristics as major red flags (rating 4 or 5) that point fairly definitively to a specific non-MS alternative diagnosis or as minor red flags (rating 1 or 2), which suggest that a disorder other than MS should be considered. An intermediate score (rating 3) indicated uncertainty. Scores on each finding from each rater were summed and standard deviations (SD) were calculated for each item (a high SD represents a low degree of concordance among raters). The potential 79 red flags were then classified into three groups according to the following criteria:

-   Major red flags: total score ≥24 or total score of 23 and no more than one individual score of 3 (SD ≤ 0.41).

-   Intermediate red flags, indicating a lack of agreement among the raters about the weighting: total score of ≥13 and ≤23 with more than one individual rating of 3 (SD ≥ 4.1).

-   Minor red flags: total score ≤12 or total score of 13 with not more than one individual score of 3 (SD ≥ 0.41).

Diagnostic algorithms for common initial isolated syndromes suggestive of MS {#section10-1352458508096878}
----------------------------------------------------------------------------

A second subgroup focused on CISs that are frequently seen as a first presentation of disease that is eventually diagnosed as MS. The subgroup concluded that the term CIS is confusing in a diagnostic context because it is unclear if it refers to syndromes isolated in time, space, or both and because it lacks pathological specificity \[[@bibr6-1352458508096878]--[@bibr9-1352458508096878]\]. A more clear definition of CIS was developed. In addition, the subgroup developed diagnostic algorithms for three of the most typical CISs (optic neuropathy, brain stem, and spinal cord syndromes) and distinguished between features of CIS that commonly precede MS versus uncommon or atypical features that merit consideration of alternative diagnoses and an expanded evaluation.

Differentiating MS from non-MS IIDDs {#section11-1352458508096878}
------------------------------------

A third subgroup evaluated clinical, demographic, and paraclinical factors that differentiate prototypic MS from "variants," such as NMO and ADEM, and proposed consensus criteria for their diagnosis in light of recent data on specific imaging features and biomarkers. The subgroup also developed a working classification of IIDDs, recognizing that data on which to base such a classification was scant.

Consensus perspectives {#section12-1352458508096878}
----------------------

The Panel agreed that in making a differential diagnosis, patients with presentations suggestive of MS should be evaluated using a sequential strategy and presented its findings accordingly:

-   The first approach helps to exclude diseases not likely to be MS or non-MS IIDD (for instance infectious, malignant, congenital, metabolic, vascular, and other diseases) and provides specific guidance for differential diagnosis of common initial presentations reflecting pathology in the optic nerve, brainstem, and spinal cord.

-   The second approach helps to differentiate prototypic MS from non-MS IIDDs and proposes a classification scheme and diagnostic criteria for non-MS IIDDs.

### Eliminating likely alternatives to an MS diagnosis {#section13-1352458508096878}

Differential diagnostic schemes have devoted little attention to patients with clinical presentations of CNS disease similar to MS but which may not develop into MS. Such patients may include those who eventually are determined to have, for example, vascular or infectious disorders. Diagnostic evaluation strategies apply to individuals with:

1.  Clinical, laboratory, and imaging features that are "classic" for MS and where no features strongly suggest an alternative diagnosis. MS is likely. Additional examinations or tests beyond those that satisfy the McDonald criteria for MS are likely unnecessary.

2.  Features that are compatible with MS but occur in the presence of other features (red flags) that suggest a possible alternative diagnosis. MS can only be diagnosed after tests to exclude alternative diagnoses. In equivocal situations, repeated imaging and laboratory tests over a period of observation may be advisable before reaching a conclusive diagnosis.

3.  Clinical and/or paraclinical red flags that point to a non-MS diagnosis. MS is improbable. Efforts should be directed at defining the alternative condition, especially when treatable.

4.  Clinical and/or paraclinical findings that suggest the presence of MS with another superimposed disorder. Appropriate imaging and laboratory tests should be performed to confirm the coexistence of the two conditions.

[Table 1](#table1-1352458508096878){ref-type="table"} presents 79 clinical and paraclinical red flag findings of patients who present with CNS disease for which MS is being considered. Through a ballot process among the subgroup members, as described in the "Methods" section, 36 major red flags were identified that point fairly definitively to a non-MS alternative diagnosis, the majority of which are clinical in nature. Eleven minor red flags were identified that suggest while MS is a possible diagnosis, a disorder other than MS should be considered, and that a decision cannot be made simply based on the noted assessment alone. An additional 32 clinical, paraclinical, and laboratory assays, many of which are imaging findings, were determined to be of intermediate weight. These received a relatively high mean score for weighting in the consensus process, but with high SDs among the raters, indicating a lack of consensus on their weight and importance. Their value for differential diagnosis should be considered in the overall context in which they appear (i.e., additional informative clinical, laboratory, or paraclinical findings).

###### 

Red flags

  Red flag                                                                              Type Clinical   Total score   SD      Red flag[^a^](#table-fn1-1352458508096878){ref-type="table-fn"}   Examples of alternative diagnosis
  ------------------------------------------------------------------------------------- --------------- ------------- ------- ----------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Bone lesions                                                                          Clinical        30            0.00    Major                                                             Histiocytosis; Erdheim Chester disease
  Lung involvement                                                                      Clinical        30            0.00    Major                                                             Sarcoidosis; Lymphomatoid granulomatosis
  Multiple cranial neuropathies or polyradiculopathy                                    Clinical        30            0.00    Major                                                             Chronic meningitis, including sarcoidosis and tuberculosis; Lyme disease
  Peripheral neuropathy                                                                 Clinical        30            0.00    Major                                                             B12 deficiency; adrenoleukodystrophy; metachromatic leukodystrophy, Lyme disease
  Tendon xanthomas                                                                      Clinical        30            0.00    Major                                                             Cerebrotendinous xanthomatosis
  Cerebral venous sinus thrombosis                                                      MRI             30            0.00    Major                                                             Behçet\'s disease; vasculitis; chronic meningitis, antiphospholipid or anticardiolipin antibody syndromes
  Cardiac disease                                                                       Clinical        29            0.41    Major                                                             Multiple cerebral infarcts; brain abscesses with endocarditis or right to left cardiac shunting
  Myopathy                                                                              Clinical        29            0.41    Major                                                             Mitochondrial encephalomyopathy (e.g., MELAS); Sjögren\'s syndrome
  Renal involvement                                                                     Clinical        29            0.41    Major                                                             Vasculitis; Fabry disease, systemic lupus erythematosus
  Cortical infarcts                                                                     MRI             29            0.41    Major                                                             Embolic disease; thrombotic thrombocytopenic purpura; vasculitis
  Hemorrhages/microhemorrhages                                                          MRI             29            0.41    Major                                                             Amyloid angiopathy; Moya Moya disease; CADASIL; vasculitis
  Meningeal enhancement                                                                 MRI             29            0.41    Major                                                             Chronic meningitis; sarcoidosis; lymphomatosis; CNS vasculitis
  Extrapyramidal features                                                               Clinical        28            0.52    Major                                                             Whipple\'s disease; multisystem atrophy; Wilson\'s disease
  Livedo reticularis                                                                    Clinical        28            0.52    Major                                                             Antiphospholipid antibody syndrome; systemic lupus erythematosus; Sneddon\'s syndrome
  Retinopathy                                                                           Clinical        28            0.52    Major                                                             Mitochondrial encephalomyopathy; Susac, and other vasculitides (retinal infarction); neuronal ceroid lipofuscinosis
  Calcifications on CT scans                                                            MRI             28            0.52    Major                                                             Cysticercosis; toxoplasmosis, mitochondrial disorders
  Diabetes insipidus                                                                    Clinical        28            0.82    Major                                                             Sarcoidosis; histiocytosis; neuromyelitis optica
  Increase serum lactate level                                                          Clinical        27            0.55    Major                                                             Mitochondrial disease
  Selective involvement of the anterior temporal and inferior frontal lobe              MRI             27            0.55    Major                                                             CADASIL
  Hematological manifestations                                                          Clinical        27            0.84    Major                                                             Thrombotic thrombocytopenic purpura; vitamin B12 deficiency; Wilson\'s disease (hemolytic anemia); copper deficiency
  Lacunar infarcts                                                                      MRI             27            0.84    Major                                                             Hypertensive ischemic disease; CADASIL; Susac syndrome
  Persistent Gd-enhancement and continued enlargement of lesions                        MRI             27            0.84    Major                                                             Lymphoma; glioma; vasculitis; sarcoidosis
  Mucosal ulcers                                                                        Clinical        27            1.22    Major                                                             Behçet\'s disease
  Myorhythmia                                                                           Clinical        27            1.22    Major                                                             Whipple\'s disease
  Hypothalamic disturbance                                                              Clinical        26            0.52    Major                                                             Sarcoidosis; neuromyelitis optica; histiocytosis
  Recurrent spontaneous abortion or thrombotic events                                   Clinical        26            0.52    Major                                                             Antiphospholipid antibody syndrome; thrombotic thrombocytopenic purpura; metastatic cancer with hypercoagulable state
  Simultaneous enhancement of all lesions                                               MRI             26            0.52    Major                                                             Vasculitis; lymphoma; sarcoidosis
  Rash                                                                                  Clinical        26            0.82    Major                                                             Systemic lupus erythematosus; T-cell lymphoma; Lyme disease, Fabry disease
  T2-hyperintensity in the dentate nuclei                                               MRI             26            0.82    Major                                                             Cerebrotendinous xanthomatosis
  Arthritis, polyarthalgias, myalgias                                                   Clinical        26            1.63    Major                                                             Systemic lupus erythematosus; Lyme disease; fibromyalgia
  Amyotrophy                                                                            Clinical        25            0.75    Major                                                             Amyotrophic lateral sclerosis; syringomyelia; polyradiculpathy
  Headache or meningismus                                                               Clinical        25            0.98    Major                                                             Venous sinus thrombosis; chronic meningitis; lymphoma or glioma, vasculitis, systemic lupus erythematosus
  T1-hyperintensity of the pulvinar                                                     MRI             25            0.98    Major                                                             Fabry disease; hepatic encephalopathy; manganese toxicity
  Persistently monofocal manifestations                                                 Clinical        24            0.63    Major                                                             Structural lesion (e.g., Chiari malformation); cerebal neoplasm
  Large and infiltrating brainstem lesions                                              MRI             24            1.10    Major                                                             Behçet\'s disease; pontine glioma
  Predominance of lesions at the cortical/subcortical junction                          MRI             23            0.41    Major                                                             Embolic infarction; vasculitis; progressive multifocal leukoencephalopathy
  Hydrocephalus                                                                         MRI             23            0.98    Intermediate                                                      Sarcoidosis or other chronic meningitis; lymphoma or other CNS neoplasm
  Punctiform parenchymal enhancement                                                    MRI             23            0.98    Intermediate                                                      Sarcoidosis; vasculitis
  Sicca syndrome                                                                        Clinical        23            1.33    Intermediate                                                      Sjögren\'s syndrome
  T2-hyperintensities of U-fibers at the vertex, external capsule and insular regions   MRI             22            1.37    Intermediate                                                      CADASIL
  Gastrointestinal symptoms                                                             Clinical        22            1.51    Intermediate                                                      Whipple\'s disease; celiac disease and other malabsorptive states that lead to B12 or copper deficiency
  Regional atrophy of the brainstem                                                     MRI             21            0.55    Intermediate                                                      Behçet\'s disease; adult onset Alexander\'s disease
  Diffuse lactate increase on brain MRS                                                 MRI             21            0.84    Intermediate                                                      Mitochondrial disease
  Marked hippocampal and amygdala atrophy                                               MRI             21            0.84    Intermediate                                                      Hyperhomocystinemia
  Loss of hearing                                                                       Clinical        21            1.38    Intermediate                                                      Susac\'s syndrome; glioma; vertebrobasilar infarction
  Fulminant course                                                                      Clinical        20            0.82    Intermediate                                                      Thrombotic thrombocytopenic purpura; intravascular lymphoma; acute disseminated encephalomyelitis
  Symmetrically distributed lesions                                                     MRI             20            0.82    Intermediate                                                      Leukodystrophy
  T2-hyperintensities of the basal ganglia, thalamus and hypothalamus                   MRI             20            1.03    Intermediate                                                      Behçet\'s disease; mitochondrial encephalomyopathies; Susac\'s syndrome; acute disseminated encephalomyelitis
  Diffuse abnormalities in the posterior columns of the cord                            MRI             20            1.37    Intermediate                                                      B12 deficiency; copper deficiency; paraneoplastic disorder
  Increase serum ACE level                                                              Clinical        20            1.86    Intermediate                                                      Sarcoidosis; histiocytosis
  Prominent family history                                                              Clinical        19            0.41    Intermediate                                                      Depending on pattern of inheritance suggested by family history: hereditary spastic paraparesis; leukodystrophy; Wilson\'s disease; mitochondrial disorder; CADASIL
  Constitutional symptoms                                                               Clinical        19            1.17    Intermediate                                                      Sarcoidosis; Whipple\'s disease, vasculitis
  Lesions across GM/WM boundaries                                                       MRI             19            1.1 7   Intermediate                                                      Hypoxic-ischemic conditions; vasculitis; systemic lupus erythematosus
  T2-hyperintensities of the temporal pole                                              MRI             19            1.17    Intermediate                                                      CADAS IL
  Complete ring enhancement                                                             MRI             18            0.63    Intermediate                                                      Brain abscess; glioblastoma; metastatic cancer
  Progressive ataxia alone                                                              Clinical        18            1.10    Intermediate                                                      Multisystem atrophy; hereditary spinocerebellar ataxia; paraneoplastic cerebellar syndrome
  Central brainstem lesions                                                             MRI             17            0.75    Intermediate                                                      Central pontine myelinolysis; hypoxicischemic conditions; infarct
  Predominant brainstem and cerebellar lesions                                          MRI             1 7           0.75    Intermediate                                                      Behçet\'s disease; pontine glioma
  Neuropsychiatric syndrome                                                             Clinical        1 7           1.33    Intermediate                                                      Susac\'s syndrome; systemic lupus erythematosus; Wilson\'s disease, GM2 gangliosidosis
  Lesions in the center of CC, sparing the periphery                                    MRI             1 7           1.33    Intermediate                                                      Susac\'s syndrome
  Seizure                                                                               Clinical        16            1.63    Intermediate                                                      Whipple\'s disease; vasculitis; metastases
  Dilation of the Virchow-Robin spaces                                                  M RI            15            0.55    Intermediate                                                      Hyperhomocystinemia; primary CNS angiitis
  Uveitis                                                                               Clinical        15            0.84    Intermediate                                                      Sarcoidosis; lymphoma; Behcet\'s disease
  Cortical/subcortical lesions crossing vascular territories                            MRI             14            1.21    Intermediate                                                      Ischemic leukoencephalopathy; CADASIL; vasculitis
  Pyramidal motor involvement alone                                                     Clinical        13            0.75    Intermediate                                                      Primary lateral sclerosis variant of ALS; hereditary spastic paraparesis
  Large lesions with absent or rare mass effect and enhancement                         MRI             1 3           0.98    Intermediate                                                      Progressive multifocal leukoencephalopathy
  Gradually progressive course from onset                                               Clinical        13            1.1 7   Intermediate                                                      HTLV-1 associated myelopathy; adrenomyeloneuropathy; adrenoleukodystrophy; metachromatic leukodystrophty, B12 deficiency
  No "occult" changes in the NAWM                                                       MRI             1 3           1.33    Intermediate                                                      Lyme disease, isolated myelitis, CADASIL
  Brainstem syndrome                                                                    Clinical        7             0.41    Minor                                                             Pontine glioma; cavernous angioma; vertebrobasilar ischemia
  No enhancement                                                                        MRI             8             0.52    Minor                                                             Progressive multifocal leukoencephalopathy; ischemic lesions; metachromatic leukodystrophy
  Myelopathy alone                                                                      Clinical        9             0.55    Minor                                                             Chiari type 1 malformation; cord compression including cervical spondylosis; B12 or copper deficiency; HTLV1
  No optic nerve lesions                                                                MRI             9             0.55    Minor                                                             Metastatic carcinoma; gliomatosis cerebri; toxoplasmosis
  Onset before age 20                                                                   Clinical        10            0.52    Minor                                                             Mitochondrial encephalomyopathy; leukodystrophy; Friedrich\'s ataxia
  No spinal cord lesions                                                                MRI             10            0.52    Minor                                                             Multiple infarcts; vasculitis; progressive multifocal leukoencephalopathy
  Abrupt onset                                                                          Clinical        11            1.17    Minor                                                             Cerebral infarction; cerebral hemorrhage; cerebral venous sinus thrombosis
  Large lesions                                                                         MRI             11            0.75    Minor                                                             Glioblastoma; lymphoma; progressive multifocal leukoencephalopathy
  No T1 hypointense lesions (black holes)                                               MRI             11            0.75    Minor                                                             Ischemic degenerative leukoencephalopathy; progressive multifocal leukoencephalopathy
  Onset after age 50                                                                    Clinical        12            0.89    Minor                                                             Cerebral infarction; amyloid angiopathy; lymphoma
  Marked asymmetry of WM lesions                                                        MRI             12            0.89    Minor                                                             Glioblastoma; lymphoma; cerebral infarction

^a^Red flags are ordered from the most "major" to the most "minor" as per subgroup rankings described in text. Major red flags point fairly definitively to a non-MS diagnosis; minor red flags may be consistent with MS or an alternative diagnosis. Intermediate red flags are those for which there was poor agreement and uncertainty among raters about the weighting of the flag for differential diagnosis in MS, especially in isolation of other informative symptoms, signs, and assays. Minor red flags suggest that a disease other than MS should be considered and fully explored, but an MS diagnosis is not excluded.

### Differential diagnosis of initial isolated clinical presentations {#section14-1352458508096878}

At first presentation when MS is in question, there may already be a history of more than one relapse or of a progressive course from onset. However, most patients eventually diagnosed with MS present with an acute clinical episode reflecting CNS white matter pathology, generally called a CIS. Because this occurs frequently and because the absence of information indicating dissemination in time precludes an immediate diagnosis of MS, we focused on differential diagnosis of such isolated syndromes.

### Defining and classifying CIS {#section15-1352458508096878}

CIS presentations most commonly involve a single optic nerve, the spinal cord, or the brain stem, although other isolated syndromes may occur, such as ones affecting the cerebral hemispheres (e.g., hemianopia). Although widely used to signal the first presentation of demyelinating disease, the term CIS is inadequate: it has been variably used to group patients with: i) a single clinical event and signs that indicate a single lesion only (thus disease isolated in space and time); ii) recurrent episodes in a single location (thus with disease isolated in space but not in time, e.g. recurrent optic neuritis) \[[@bibr10-1352458508096878]\]; and iii) a single clinical event where the symptoms and/or neurological examination findings suggest the presence of two or more lesions in separate locations (thus isolated in time but not in space).

Most clinical trials of patients with CIS aimed at determining the role of interferon-β in delaying time to clinically definite MS included patients whose clinical episode was monophasic but who were polysymptomatic and whose examination showed multifocal CNS signs (e.g., a patient with acute optic neuritis and Lhermitte\'s sign or a patient with optic neuritis who also has an extensor plantar response) \[[@bibr7-1352458508096878],[@bibr8-1352458508096878]\]. In one CIS trial, 48% of patients with CIS had evidence for multifocal disease \[[@bibr11-1352458508096878]\]. Strategies have been proposed to reduce variability in interpreting clinical trial outcomes by distinguishing initial monofocal from multifocal presentations and stratifying enrolment accordingly \[[@bibr8-1352458508096878]\]. Furthermore, the term CIS ignores first presentations that may not be clinical but may be detected by paraclinical and laboratory findings \[[@bibr12-1352458508096878]\], and does not discriminate between patients who have a single clinical presentation with or without additional symptomatic lesions on MRI, two entities that have different prognoses \[[@bibr13-1352458508096878]--[@bibr16-1352458508096878]\].

Because of these ambiguities of interpretation and the importance of CIS in the differential diagnosis process, the Panel felt it important to more closely define the term. We agreed that a CIS should be defined as a monophasic presentation with suspected underlying inflammatory demyelinating disease. "Monophasic presentation" implies a single clinical episode at first presentation that is of relatively rapid onset. Multiple simultaneous clinical/ paraclinical presentations (representing dissemination in space) are possible, although dissemination in time should not be evident. Four classes of CIS can thus be defined based on whether the monophasic clinical presentation has mono- or multifocal clinical or MRI features ([Table 2](#table2-1352458508096878){ref-type="table"}; CIS types 1--4). Finally, there should be reasonable grounds for suspecting inflammatory demyelinating disease as the underlying pathology.

###### 

Clinically isolated syndromes (CIS) in the differential diagnosis of MS

  ----------------------------------------------------------------------------------------------
  Type 1 CIS: clinically monofocal, at least one asymptomatic MRI lesion
  Type 2 CIS: clinically multifocal, at least one asymptomatic MRI lesion
  Type 3 CIS: clinically monofocal, MRI may appear normal; no asymptomatic MRI lesions
  Type 4 CIS: clinically multifocal, MRI may appear normal; no asymptomatic MRI lesions
  Type 5 CIS: no clinical presentation to suggest demyelinating disease, but MRI is suggestive
  ----------------------------------------------------------------------------------------------

Note: symptomatic lesions should appear typical for demyelination; they may be located in the brain or cord, although more often occur in the brain; current evidence on the prognostic value of asymptomatic lesions comes mainly from brain imaging.

MRI can influence a decision as to whether a presentation is due to monofocal or multifocal lesions and the likelihood for an ultimate diagnosis of MS ([Table 2](#table2-1352458508096878){ref-type="table"}). Patients with at least one asymptomatic MRI lesion characteristic of demyelination have a high probability of later meeting criteria for MS (CIS Types 1 and 2); the prognosis varies but is not strongly based on the number and location of lesions \[[@bibr13-1352458508096878],[@bibr14-1352458508096878]\]. Patients with monofocal clinical presentations and no asymptomatic lesions characteristic of demyelination have a relatively low risk for later meeting criteria for MS (CIS Type 3) \[[@bibr16-1352458508096878]\]. A multifocal clinical presentation without MRI-detected asymptomatic lesions is likely rare (CIS Type 4) and such patients require further follow-up to determine if they have MS or another condition.

Although symptoms and signs of a monophasic illness have been an essential prerequisite for diagnosis of CIS, there is an exceptional scenario that the Panel feels warrants inclusion as CIS Type 5 ([Table 2](#table2-1352458508096878){ref-type="table"}): patients who have no symptoms or only non-specific symptoms (e.g., headache, dizziness), but have MRI evidence for multifocal abnormalities typical for demyelination. Such patients are increasingly identified using MRI for incidental indications (e.g., headache) especially with high-field strength magnets with greater sensitivity for such lesions \[[@bibr17-1352458508096878]\]. Current criteria preclude a diagnosis of MS without objective clinical evidence for CNS abnormality and the ability to establish a confident diagnosis of MS in such individuals and their natural history should be addressed through prospective studies \[[@bibr18-1352458508096878]\].

### Differential diagnosis of CIS affecting the optic nerves, brainstem, and spinal cord {#section16-1352458508096878}

A wide array of isolated CNS syndromes encountered in a diagnostic work-up for possible MS can be included in the CIS definition. As noted, some are more strongly predictive of an eventual MS diagnosis than others, depending on imaging characteristics but their clinical appearance at initial presentation can also provide clues to the likelihood of an eventual MS diagnosis. [Table 3](#table3-1352458508096878){ref-type="table"} categorizes CIS presentations of patients eventually diagnosed as having MS into i) those that are typical of patients eventually diagnosed as having MS; (ii) those that are less common but nevertheless may be an initial presentation in patients eventually diagnosed with MS, or may signal another disease; and (iii) those that are atypical and suggest an alternative diagnosis.

###### 

CIS clinical features and likelihood of signaling an MS diagnosis

  CIS features typically seen in MS                       Less common CIS features which may be seen in MS                         Atypical CIS features not expected in MS
  ------------------------------------------------------- ------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------
  **Optic nerve**                                                                                                                  
    Unilateral optic neuritis                             Bilateral simultaneous optic neuritis                                    Progressive optic neuropathy
    Pain on eye movement                                  No pain                                                                  Severe, continuous orbital pain
    Partial and mainly central visual blurring            No light perception                                                      Persistent complete loss of vision
    Normal disc or mild disc swelling                     Moderate to severe disc swelling with no hemorrhages                     Neuroretinitis (optic disc swelling with macular star)
                                                          Uveitis (mild, posterior)                                                Uveitis (severe, anterior)
  **Brain stem/cerebellum**                                                                                                        
    Bilateral internuclear ophthalmoplegia                Unilateral internuclear ophthalmoplegia, facial palsy, facial myokymia   Complete external ophthalmoplegia; vertical gaze palsies
    Ataxia and multidirectional nystagmus                 Deafness                                                                 Vascular territory syndrome, e.g., lateral medullary
    Sixth nerve palsy                                     One-and-a-half syndrome                                                  Third nerve palsy
    Facial numbness                                       Trigeminal neuralgia                                                     Progressive trigeminal sensory neuropathy
                                                          Paroxysmal tonic spasms                                                  Focal dystonia, torticollis
  **Spinal cord**                                                                                                                  
    Partial myelopathy                                    Complete transverse myelitis                                             Anterior spinal artery territory lesion (sparing posterior columns only)
    Lhermitte\'s symptom                                  Radiculopathy, areflexia                                                 Cauda equina syndrome
    Deafferented hand                                     Segmental loss of pain and temperature sensation                         Sharp sensory level to all modalities and localized spinal pain
    Numbness                                              Partial Brown-Sequard syndrome (sparing posterior columns)               Complete Brown-Sequard syndrome
    Urinary urgency, incontinence, erectile dysfunction   Faecal incontinence                                                      Acute urinary retention
    Progressive spastic paraplegia (asymmetrical)         Progressive spastic paraplegia (symmetrical)                             Progressive sensory ataxia (posterior columns)
  **Cerebral hemispheres**                                                                                                         
    Mild subcortical cognitive impairment                 Epilepsy                                                                 Encephalopathy (obtundation, confusion, drowsiness)[^a^](#table-fn3-1352458508096878){ref-type="table-fn"}
    Hemiparesis                                           Hemianopia                                                               Cortical blindness

^a^Although encephalopathy is required for ADEM, it may also be seen at presentation and/or during the course of MS.

Perhaps the three most common CIS syndromes seen at presentation in the MS diagnosis process include those affecting the optic nerve, brain stem, and spinal cord. Flow diagrams illustrating an approach to their differential diagnosis are presented in [Figures 2](#fig2-1352458508096878){ref-type="fig"}--[4](#fig4-1352458508096878){ref-type="fig"}. The flow diagrams are presented to illustrate some principles of the clinical and laboratory evaluation and do not aim to be comprehensive; they emphasize typical and readily available investigations and outcomes.

![Differential diagnosis upon presentation with demyelinating optic neuritis.](10.1177_1352458508096878-fig2){#fig2-1352458508096878}

![Differential diagnosis upon presentation with demyelinating brain stem syndrome.](10.1177_1352458508096878-fig3){#fig3-1352458508096878}

![Differential diagnosis upon presentation with demyelinating spinal cord syndrome.](10.1177_1352458508096878-fig4){#fig4-1352458508096878}

### Differential diagnosis of MS and IIDD: nosology and classification {#section17-1352458508096878}

Although MS may be the most frequent ultimate diagnosis of a case presenting with IIDD, clinical, radiological, and immunological biomarkers that persist over time may help distinguish and define subgroups of IIDD from MS. We focused on two of the most common differential diagnoses for IIDD: NMO and ADEM. The Panel built upon recently proposed criteria for NMO that are 90% sensitive and specific in differentiating NMO from MS \[[@bibr19-1352458508096878],[@bibr20-1352458508096878]\]. However, criteria for diagnosis of ADEM are not well validated and about 30% of patients who meet the ADEM criteria at initial presentation will later receive a diagnosis of MS \[[@bibr21-1352458508096878]--[@bibr24-1352458508096878]\]. The rate of conversion from ADEM to MS will be higher in adults (in whom ADEM is less common) than in children, in whom about 20% of those initially diagnosed with ADEM will ultimately be diagnosed with MS.

### Definition and differential diagnosis of NMO {#section18-1352458508096878}

NMO is perhaps the most commonly seen non-MS IIDD \[[@bibr25-1352458508096878],[@bibr26-1352458508096878]\]. It has been distinguished in the past from MS because of largely restricted manifestations of optic neuritis and myelitis and by its monophasic, not relapsing, course. However, more contemporary studies suggest that NMO is usually a relapsing IIDD, blurring the distinction between NMO and MS \[[@bibr27-1352458508096878]--[@bibr31-1352458508096878]\]. Normal brain imaging and longitudinally extensive cord lesions in the context of acute myelitis have helped to distinguish NMO from MS. A recently discovered, highly specific, and moderately sensitive serum biomarker, NMO-IgG, is useful for diagnosis of NMO \[[@bibr32-1352458508096878],[@bibr33-1352458508096878]\].

In distinguishing NMO from MS, the subgroup agreed that:

-   NMO should be distinguished from MS because of its different course and prognosis \[[@bibr28-1352458508096878],[@bibr31-1352458508096878]\] and because of putative differences in response to immunomodulatory therapy \[[@bibr34-1352458508096878]--[@bibr36-1352458508096878]\].

-   NMO is most commonly a relapsing disorder, and hence that characteristic is not useful to distinguish it from MS.

-   The key clinical characteristics that distinguish NMO from MS are the predilection in NMO for severe episodes of myelitis often, but not always, manifest as a complete transverse myelitis, and for severe episodes of optic neuritis, often but not always with incomplete recovery. The myelitis, unlike that which occurs in MS, is usually accompanied in the acute phase by a T2-weighted spinal cord lesion extending over three or more spinal segments (longitudinally extensive transverse myelitis, LETM) which may be hypointense on T1-weighted MRI and also associated with varying degrees of gadolinium enhancement.

-   Brain involvement in NMO is uncommon clinically and brain MRI is often normal \[[@bibr27-1352458508096878],[@bibr37-1352458508096878]\] particularly early in the disease \[[@bibr38-1352458508096878],[@bibr39-1352458508096878]\]. When present, brain lesions generally do not fulfill typical Barkhof/Tintoré criteria for dissemination in space \[[@bibr40-1352458508096878],[@bibr41-1352458508096878]\]. Brain lesions in NMO may have a predilection for regions with high expression of aquaporin 4, including the hypothalamus, medulla, and other brainstem areas \[[@bibr41-1352458508096878],[@bibr42-1352458508096878]\].

-   Oligoclonal bands or elevated IgG index in CSF are detected in 10--20% of patients with NMO compared with 70--90% of patients with MS ([Table 4](#table4-1352458508096878){ref-type="table"}) \[[@bibr28-1352458508096878],[@bibr43-1352458508096878]\].

###### 

Diagnostic criteria for neuromyelitis optica (NMO)[^a^](#table-fn4-1352458508096878){ref-type="table-fn"}

  Major criteria: (all required, but may be separated by unspecified interval)
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Optic neuritis in one or more eyes
  Transverse myelitis, clinically complete or incomplete, but associated with radiological evidence of spinal cord lesion extending over three or more spinal segments on T2-weighted MRI images and hypointensity on T1-weighted images when obtained during acute episode of myelitis
  No evidence for sarcoidosis, vasculitis, clinically manifest systemic lupus erythematosus or Sjögren\'s syndrome, or other explanation for the syndrome.
  **Minor criteria: (at least one must be satisfied)**
  Most recent brain MRI scan of the head must be normal or may show abnormalities not fulfilling Barkhof criteria used for McDonald diagnostic criteria, including[^b^](#table-fn5-1352458508096878){ref-type="table-fn"}:
     Non-specific brain T2 signal abnormalities not satisfying Barkhof criteria as outlined in McDonald criteria
     Lesions in the dorsal medulla, either in contiguity or not in contiguity with a spinal cord lesion
     Hypothalamic and/or brainstem lesions
     "Linear" periventricular/corpus callosum signal abnormality, but not ovoid, and not extending into the parenchyma of the cerebral hemispheres in Dawson finger configuration
  Positive test in serum or CSF for NMO-IgG/aquaporin-4 antibodies

^a^These criteria exclude limited or inaugural syndromes that may be NMO, such as recurrent transverse myelitis with longitudinally extensive spinal cord lesions or recurrent optic neuritis; further study is warranted to clarify their relationship to NMO, especially in the setting of seropositivity for NMO-IgG/aquaporin-4 antibodies.

^b^Periodic surveillance with brain MRI scanning is necessary to monitor for emergence of new lesions that may lead to a revised diagnosis.

Some subjects presenting with IIDD have recurrent transverse myelitis alone accompanied by long spinal cord lesions or recurrent optic neuritis alone and are seropositive for NMO-IgG. These may represent limited or inaugural syndromes of NMO. Although many clinicians believe that such patients should be treated as if they have NMO \[[@bibr26-1352458508096878],[@bibr44-1352458508096878],[@bibr45-1352458508096878]\], until the relationship between isolated recurrent transverse myelitis or isolated recurrent optic neuritis and NMO is better established, the Panel concluded that these spatially limited syndromes should not qualify as NMO, even in the presence of a positive NMO-IgG serum assay. The subsequent development of optic neuritis in a patient with myelitis or vice versa may permit a later diagnosis of NMO.

Biopsy evidence of sarcoidosis or vasculitis, which can occasionally cause optic neuritis and myelitis, excludes NMO. Patients with optic neuritis, myelitis, or both occurring with preexisting or subsequently developing systemic lupus erythema-tosus or Sjögren\'s syndrome, a not infrequent clinical occurrence, are seropositive for NMO-IgG at the same frequency as in "uncomplicated NMO" and may have both NMO and organ-specific or non-organ specific autoimmunity \[[@bibr46-1352458508096878]\]. However, the Panel concluded (conservatively) that pending further study, clinical evidence of systemic lupus erythematosus or Sjögren\'s should exclude a diagnosis of NMO. Seropositivity for antinuclear antibodies (ANA) or Sjögren\'s (SSA/SSB), which is commonly uncovered in the evaluation of patients for NMO, does not exclude the diagnosis of NMO when clinical evidence for systemic lupus erythe-matosus or Sjögren\'s syndrome is lacking.

Asian optic-spinal forms of MS (OSMS) may be confused with NMO. It is unclear whether differences between OSMS and NMO in Asia and Western countries are due to biological differences or to differences in nomenclature. In Asia, patients with optic neuritis and myelitis, regardless of the length of their spinal cord lesion, are classified as OSMS, whereas such patients without LETM lesions in most instances would be classified as having typical MS in Western countries. Furthermore, whenever clinical or radiological involvement of the brain is detected (except when confined to the brainstem or hypothalamus), MS is diagnosed in Asia \[[@bibr47-1352458508096878],[@bibr48-1352458508096878]\], whereas such patients who fulfill other criteria for NMO in Western countries are typically diagnosed with NMO. Continued natural history studies of such patients will be necessary to determine if clinical predictions about their phenotypes and responses to therapy are adequately predicted by the diagnosis assigned using Asian and Western approaches.

### Definition and differential diagnosis of ADEM {#section19-1352458508096878}

ADEM has been historically recognized as distinct from MS based on its monophasic course and encephalopathy or coma in combination with mul-tifocal symptoms (e.g., cerebellar signs, cerebral motor or sensory features, optic neuritis or myelitis) characteristic of an IIDD, often following an infectious illness. MRI typically shows usually symmetrical multifocal or diffuse brain lesions \[[@bibr49-1352458508096878]\]. Even when conservatively defined by requiring encepha-lopathy, an initial diagnosis of ADEM is often revised to prototypic MS after evidence emerges for continuing clinical activity consistent with MS \[[@bibr50-1352458508096878]\]. It recently has been argued that the traditional requirement of a monophasic course for ADEM might be too strict and that some patients experience recurrence of their initial ADEM symptoms with re-emergence of the same MRI lesions as were present at the time of their initial illness (recurrent ADEM) \[[@bibr21-1352458508096878]--[@bibr24-1352458508096878]\]. Although characteristics such as encephalopathy with multifocal symptoms typical of IIDD may make ADEM more likely than MS, no clinical, paraclinical, or imaging criteria reliably distinguish fulminant initial episodes of MS from ADEM ([Table 5](#table5-1352458508096878){ref-type="table"}) \[[@bibr51-1352458508096878]\].

###### 

Criteria for diagnosis of acute disseminated encephalomyelitis (ADEM)

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Subacute encephalopathy (altered level of consciousness, behavior, or cognitive function)
  Evolution over 1 week to 3 months; new symptoms, including focal/multifocal demyelinating syndromes, such as optic neuritis or myelitis within the first 3 months from onset are allowed, as long as they are not separated by a period of complete remission from the initial symptoms (in which case the diagnosis is MS)
  Accompanied by improvement or recovery although residual neurological deficits may be present
  MRI shows predominantly symptomatic white matter lesions that
     Are acute (remote lesions accompanied by encephalomalacia cast doubt on the diagnosis if there is no previous explanation for them other than remote demyelinating disease)
     Are multiple but rarely a single large lesion
     Are supra- or infra-tentorial or both
     Generally include at least one large (1--2 cm diameter) lesion
     Variably enhance with gadolinium (gadolinium enhancement is not required)[^a^](#table-fn6-1352458508096878){ref-type="table-fn"}
     May be accompanied by basal ganglia lesions, but their presence is not required
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

^a^Simultaneous enhancing lesions may occur but are not required; when present, this MRI finding may increase suspicion of ADEM, but should also lead to suspicion of other causes (e.g., vasculitis or lymphoma).

Recently proposed definitions for pediatric MS and ADEM were designed to minimize overlap between the two disorders, by requiring encepha-lopathy as an essential component of the ADEM definition \[[@bibr52-1352458508096878]\]. Although these criteria are consensus-driven and based on pediatric cohorts, it is reasonable to propose their use in adult populations as well, pending further evaluation of differences between ADEM in children and adults. These criteria emphasize the relative specificity of encephalopathy in ADEM although they do not distinguish between degrees of encephalopathy, which can vary from irritability to coma; severe encepha-lopathy may be more specific for ADEM than milder encephalopathy.

The Panel proposed that a diagnosis of ADEM should be made in patients with a first event compatible with demyelinating disease that is acute or sub-acute in onset (over days to weeks), with a stable or stuttering course, but only when additional characteristics are present. Encephalopathy, manifest either as altered level of consciousness, behavioral change, or altered cognitive function, should be present. New symptoms may emerge over intervals up to 3 months from onset without intervening remission (but not beyond 3 months). However, if a remission of the initial symptoms occurs followed by new symptoms after an interval of 1 month, MS is more likely than ADEM. Although MRI is non-specific in ADEM, the presence of multiple supra- or infra-tentorial lesions in combination with lesions of deep grey nuclei and at least one lesion greater than 1--2 cm in diameter are characteristic. Spinal cord lesions may or may not be present, but when present, tend to be longitudinally extensive ([Table 5](#table5-1352458508096878){ref-type="table"}).

Very rare ADEM patients may experience recurrence of initial symptoms and signs after 3 months without development of new lesions although existing lesions may enlarge or re-enhance with gadolinium \[[@bibr52-1352458508096878],[@bibr53-1352458508096878]\], in other words a recurrent

course as distinct from a multiphasic course which might include new symptoms and new lesions. If no other diagnosis is apparent after appropriate evaluation, the diagnosis "recurrent ADEM" is warranted. However, the emergence of new lesions with different symptoms beyond a 3-month interval from onset likely signals MS regardless of the specific clinical characteristics. The Panel did not endorse a diagnosis of "multiphasic ADEM" when new lesions and different symptoms emerge over time \[[@bibr52-1352458508096878],[@bibr53-1352458508096878]\] because of the inability to distinguish such presentations from MS and because such a diagnosis could result in a delay in use of MS-specific immunotherapy. The Panel concluded that most such patients will continue to have inflammatory disease activity that is characteristic of MS.

### A classification of idiopathic inflammatory disease {#section20-1352458508096878}

Recognizing the differences between MS, NMO, ADEM, and their variants, a classification for IIDDs was developed, which should be considered whenever IIDD is the working diagnosis ([Table 6](#table6-1352458508096878){ref-type="table"}). MS is diagnosed when McDonald criteria for dissemination of symptoms/signs in space and time are reported \[[@bibr3-1352458508096878],[@bibr4-1352458508096878]\] and includes relapsing-remitting, secondary progressive, primary progressive, and progressive-relapsing forms \[[@bibr54-1352458508096878]\]. Subjects who present with atypical IIDD syndromes, such as Marburg\'s variant of MS \[[@bibr55-1352458508096878],[@bibr56-1352458508096878]\], Balo\'s concentric sclerosis \[[@bibr57-1352458508096878]\], and other tumefactive forms of demyelinating disease \[[@bibr58-1352458508096878],[@bibr59-1352458508096878]\] are considered to be "unclassifiable" in terms of a possible MS diagnosis at first event, but if and when criteria for dissemination in space and time are satisfied, a diagnosis of MS might be considered appropriate in spite of an atypical initial or subsequent presentation. Alternative diagnoses, such as cerebral lymphoma, glioma-tosis cerebri, or vasculitis should strongly be considered as well. Some multi-episode relapsing presentations, such as relapsing transverse myelitis, may also be unclassifiable in terms of potential for an MS diagnosis at presentation when there is neither clinical nor MRI evidence for dissemination in space. NMO and ADEM are separate conditions in the category of IIDDs and occur in both monophasic and recurrent forms. Some initial presentations of CIS are truly monophasic inflammatory demyelinating conditions, but many patients with CIS syndromes, if not most, will develop MS.

###### 

Classification of idiopathic inflammatory demyelinating diseases

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  At first event
     CIS
     ADEM
     Monophasic NMO
     Unclassifiable (unless/until further disease evolution) monophasic diseases, including fulminant (Marburg\'s variant), Balo\'s concentric sclerosis and tumefactive presentations
  After subsequent clinical or radiological events
     MS[^a^](#table-fn7-1352458508096878){ref-type="table-fn"}
     Relapsing NMO
     Recurrent ADEM
  Unclassified (unless/until further disease evolution); for example, recurrent optic neuritis or transverse myelitis without dissemination in space; or clinically monofocal presentation without asymptomatic MRI (MRI may appear normal) plus a previous history suggesting a separate CNS event without objective signs
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

^a^MS includes any IIDD eventually meeting criteria for dissemination in time and space in the McDonald criteria, including initial presentations of CIS and ADEM that may evolve into MS, but not NMO and rare recurrent ADEM, also includes tumefactive demyelinating disease, Marburg\'s variant of MS when criteria for dissemination in time and space are met.

Discussion/conclusions {#section21-1352458508096878}
======================

The range of diseases that must be excluded to make a diagnosis of MS is wide. Although the exclusion of more likely alternatives is a critical aspect of MS diagnosis, little attention has been paid to providing guidance for clinicians. The Panel has delineated two broad categories of diseases that should be considered in the differential diagnosis work-up of CNS disease suggestive of MS: non-IIDDs with symptoms and signs that may mimic IIDDs (including MS) and non-MS IIDDs, some of which are also relapsing and remitting. We have suggested a classification of clinical presentations into those that are typical and suggestive for MS and those that are atypical for MS, and have described a series of red flags that might signal a more likely alternative diagnosis. Our conclusions and recommendations are largely consensus driven and should be assessed in prospective clinical studies, preferably in large multicenter efforts that include both specialized MS referral centers and non-specialized clinical settings to test their applicability in both environments. Such studies could establish diagnostic algorithms that provide an accurate diagnosis for CNS syndromes suggestive of MS.

Prospective studies should include all CIS syndromes as redefined here, including those with normal MRI findings and those with asymptomatic lesions highly suggestive of MS that are detected incidentally. A first descriptive retrospective study of patients with incidentally detected asymptomatic lesions indicated that a subset of such patients frequently shows rapid early conversion to early clinically defined MS \[[@bibr18-1352458508096878]\]. Prospective long-term follow-up is needed to assess the natural history of such individuals. About 30% of patients with an otherwise typical isolated CNS syndrome suggestive of demyelination have completely normal MRI apart from the symptomatic lesion(s) \[[@bibr16-1352458508096878],[@bibr40-1352458508096878],[@bibr60-1352458508096878]\]. Ten to 14-year follow-up has shown that about 20% of such patients develop clinically definite MS \[[@bibr13-1352458508096878],[@bibr15-1352458508096878]\]. Although some MRI-negative CIS patients have CSF oligoclonal bands typically seen in patients with MS, others do not \[[@bibr61-1352458508096878]\]. Such patients may have a truly isolated syndrome in space and time and CIS may be the only diagnosis possible \[[@bibr62-1352458508096878]\].

Both clinical and paraclinical assessments inform the differential diagnosis and evaluation of a patient. We have presented a series of consensus-based red flag criteria that the Panel agrees signal a high likelihood that a disease at initial presentation is not MS. The sensitivity, specificity, and accuracy of these red flags have not been investigated. Each red flag was rated by the Panel in isolation and not in a larger clinical and/paraclinical context; this is rarely the situation confronting a clinician making a diagnosis. The differential diagnosis may be different if a given red flag is the sole finding or appears in conjunction with other relevant symptoms, signs, and paraclinical and laboratory abnormalities. The value and meaning of an isolated red flag can often be resolved in context of demographic, clinical, and paraclinical findings. For instance, onset under age 20 is listed as a minor red flag. However, in the setting of diffuse and symmetrical white matter changes suggestive of leukodystrophy, young onset would be a major red flag suggesting a different diagnosis than MS. However, in the setting of facial numbness or optic neuritis, it is not a red flag at all. Defining sets of symptoms/signs and red flags that would increase the diagnostic confidence in making a diagnosis of MS versus other conditions is a high research priority.

The most common alternative conditions that mimic MS may be the most difficult to eliminate in differential diagnosis. The relative prevalence of disorders in a specific geographic area or population should be considered in reaching a diagnosis. However, the lack of accurate prevalence data for many alternative diagnoses (and their associated red flags) relative to MS currently makes it difficult to weight diagnoses based on prevalence.

Although our discussions included a detailed evaluation of MS in Asian populations and the characteristics of Asian OSMS versus NMO and MS, most data related to the differential diagnosis of IIDD arise from studies conducted in Western populations. The frameworks proposed here may be less applicable to non-Western populations, and this issue should be addressed prospectively. Regional ethnically based differences in disease definition continue to complicate the determination of similarities and differences between NMO and Asian OSMS and confound the interpretation of data on seropositivity rates for NMO-IgG in NMO and in Asian OSMS \[[@bibr32-1352458508096878],[@bibr33-1352458508096878],[@bibr48-1352458508096878]\]. A worldwide consensus definition would facilitate further clinical and biomarker research.

Disease biomarkers will aid enormously in differential diagnosis. Accurate and sensitive disease markers -- imaging or laboratory based -- may provide non-invasive aids to differential diagnosis. The discovery of NMO-IgG that helps to distinguish NMO from MS is a good example. Relevant imaging advances may include non-conventional MR techniques to quantitate change in normal appearing white matter that may be relatively specific for MS, and high-field MRI to better visualize Dawson\'s fingers \[[@bibr17-1352458508096878]\] or cortical lesions that may be specific to MS.

The Panel adopted diagnostic criteria for NMO that were modified from previously presented criteria \[[@bibr19-1352458508096878]\], which must be considered tentative and subject to further international study and validation. Other groups have reported similar sensitivity and specificity to those originally reported and thereby provide some independent validation \[[@bibr20-1352458508096878]\]. The criteria may require revision pending further investigation into the relationship between symptoms of NMO and systemic autoimmune diseases such as systemic lupus erythematosus \[[@bibr46-1352458508096878]\]. It is unclear if limited presentations of NMO (e.g., recurrent optic neuritis; recurrent transverse myelitis with longitudinally extensive spinal cord lesions) in patients seropositive for aquaporin-4 autoantibodies are NMO spectrum diseases \[[@bibr44-1352458508096878]\]. Although NMO is usually a relapsing disease, it may also be monophasic; detailed long-term follow-up of such cases may provide insights into pathological differences between the two.

The recommended criteria for ADEM (requiring encephalopathy and a limited time frame for recurrent ADEM events) and MS \[[@bibr4-1352458508096878]\] should facilitate prompt differential diagnosis and consequently different recommendations for counseling and treatment based on the prognosis. Prospective follow-up studies of cases of ADEM are recommended to investigate the performance of these criteria.

This detailed consideration to differential diagnosis at first clinical presentation when MS is being considered should help to refine a key provision of the McDonald diagnostic criteria -- the need to exclude other more likely explanations than MS for the clinical presentation. Our recommendations are largely consensus-based and evidence to support many of the recommendations is currently lacking. Algorithms and other recommendations for diagnostic procedures need to be tested prospectively in a relevant spectrum of clinical settings internationally to confirm or refine their utility.
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